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(54) Shed-forming device for weaving machines 

(57) The invention relates to a shed-forming device 
for individually controlling the heddles for the warp 
threads of a weaving device, which shed-forming device 
comprises hook elements (h) which are connected to 
the heddles for the warp threads, and upward and 
downward moving knives (m^rn^ to which the hook 
elements can hook onto, while the hook elements are 
provided with spring elements (hj .hg.h^ and while actu- 
ators (S 1p S2) are provided which can influence the 
spring elements in order to allow the hook elements 
selectively to hook or not hook onto the upward and 
downward moving knives, whereby each hook element 
(h) is moreover provided with at least three spring ele- 
ments (rH.h2.h3) in the form of spring legs, whereby at 
least two spring elements are made as at least double 
laminated springs, whereby at least two of the spring 
legs are provided with hooks destined to work together 
with the moving knives, whereby one or more actuators 
(S^Sg) are provided which can selectively influence the 
various spring elements, and whereby retaining hooks 
are provided for at least a part of the spring elements in 
a position influenced by an actuator. 
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Description 



[0001] The invention relates to a device for shed form- 
ing whereby the position of the heddles for the warp 
threads in a weaving machine are individually controlled 
according to the open-shed principle. In such a shed- 
forming device the heddes for the warp threads can 
occupy two positions: Bottom, i.e. below the weft inser- 
tion level, and Top, i.a above the weft insertion level. It 
is called a two-position open shed when each position 
can be reached, or be maintained, on every pick. 
[0002] From the British patent publication GB 2 047 
755 a shed-forming device for a weaving machine is 
known whereby the arcades are suspended from a pul- 
ley element Round the wheel of this pulley element a 
cord is passed of which each extremity is connected to 
a leaf-spring-shaped hook. Each leaf-spring-shaped 
hook is provided on the bottom part with a nose with 
which it can rest on a corresponding lifting knife. The 
knives are brought two by two in opposite phase in an 
upward and downward movement The leaf spring 
hooks are provided on top with a hook with which in a 
top position they can hook onto a fixed knife through the 
influence of an electromagnet which is placed between 
two leaf springs that work together. The nose of the bot- 
tom part of the leaf-spring-shaped hooks however 
always remains in the path of the ascend ng and 
descending lifting knives that work together. An unse- 
lected hook always remains on its corresponding lifting 
knife. The "bottom" positions for the leaf spring hooks 
are therefore formed by the moving lifting knives. 
[0003] With this existing system the pulley device is a 
great disadvantage. At high weaving speed the revers- 
ing rollers of the pulley device have to rotate fast back- 
wards and forwards. Heat develops through the friction 
which occurs in the bearing of the wheel and through 
slipping of the cord on the groove surface of the wheel. 
The cord must bendingly unwind onto the reversing 
roller at high frequency. This cord is subject to wear and 
tear and finally breaks, ft also often occurs that through 
the dust in the weaving area the wheel will jam, through 
which the cord prematurely breaks through severe fric- 
tion. After a time all pulley elements have to be preven- 
tively replaced when the number of pulley cord 
breakages becomes too great and because of this the 
weaving efficiency of the weaving installation will 
decline. The replacement of thousands of pulleys per 
weaving unit is time-consuming, requires specialised 
personnel and because of this causes an increase in 
running costs. 

[0004] EP 0 711 856 describes an attempt at remedy- 
ing these cfisadvantages by operating without any pulley 
element This device however has the disadvantage 
that a preselection of the hooks must take place with the 
implementation of a small lift at the frequency of the weft 
insertion frequency. In other words the selectors and the 
grids on which these are mounted must perform an 
upward and downward movement during a weft inser- 



tion cyde. This leads to severe vibrations at high oper- 
ating speed of e.g. 1 000 / min. Another disadvantage is 
that the lifting knives must be provided with spring catch 
hooks which drag against the jacquard hooks. This 
5 develops heat and is the cause of considerable 
mechanical loss. 

[Q005] Another attempt according to EP 0 779 384 
also has the intention of being able to operate without 
pulley element The disadvantage of that technique is 
w that a two-legged hook is required whereby the harness 
load in each case comes in the middle, through which 
the hooks are eccentrically loaded. In order to offset this 
eccentric loading a central guiding body has to be pro- 
vided. This however causes extra friction through which 
is this device also suffers high mechanical losses. 
Because of the fact that this solution rests on a two-leg- 
ged hook this device takes up rather a lot of room in hor- 
izontal plane. The footprint is rather large. 
[0006] Shed-forming devices are also utilised in three- 
20 position jacquard machines such as namely those 
employed with face-to-face double gripper weaving 
machines for weaving jacquard velvet and for weaving 
multiple pile warp thread carpets. Vvlth a doubte gripper 
weaving machine in each weft insertion cycle two wefts 
25 are simultaneously inserted. This means that the pile 
warp threads can occupy three positions: 



30 



Bottom: below both weft insertion means 
Middle: between the two weft insertion means 
Top: above both weft insertion means. 



[0007] It is called a three-position open-shed jacquard 
machine when each position of the three positions can 
be reached or continue to be maintained on every pick 
35 or weft insertion cycle. Three-position open-shed jac- 
quard machines are implemented by provkfing two 
hooks of a two-position open-shed jacquard machine 
with a pulley device. The importance of three^)Osrtion 




40 vet and multiple pile warp thread carpets is that pile 
weave corrections can be applied at the time of colour 
transitions where this appears necessary in order to 
avoid mixed contours and double tufts on the pile side 
when using the two-shot weave. 

45 [0008] From the French patent publication no. 
1.225.173 a three-position jacquard machine is known 
with open shed for the middle and bottom position and 
non-open shed for the top position. This device makes 
use of two card<x>erated hooks which are connected to 

so each other by a pulley cord, which runs round the top 
wheel of a pulley device, and a bottom pulley cord which 
is secured to a movable grid and is re-routed over the 
bottom wheel in order then to be connected to the har- 
ness cord(s) with the other extremity. With this device 

55 the bottom and middle position can be reached or main- 
tained on every pick, the top position can only be 
reached on every second pick. The disadvantage of this 
device is the use of pulley cords. Through the repeated 
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passing rouid and the friction of the cords on the 
wheels, the cords are subject to wear and tear through 
which they will break. A device also has to be provided 
in order to move the bottom pulley grid. 
[0009] From the French patent publication no. 
1.51 3.410 a three-position open-shed jacquard 
machine is known which makes use of two hooks of a 
two-position open-shed jacquard machine and one pul- 
ley element. The device makes use of two hooks: this 
means that for a specific nunber of cords with three 
positions, a double capacity in hooks has to be installed. 
The pulley cords are here again the weak element of the 
device. With the higher weaving speeds, which are cus- 
tomary at present, the pulley cords break prematurely. 
[0010] From the French patent publication no. 2 466 
541 a similar device is known, but with a movement rein- 
forcement built into the pulley device. The disadvantage 
of this device is also here the use of twice the number of 
hooks and pulley cords, and the extra reversing roller 
which is necessary for the movement reinforcement 
[0011] From the European patent publication no. 0 
399 930 a device is known which makes use of two 
c»rrplementary hooks, each with Ms own pulley and one 
reversing roller in order to achieve the three-position 
open shed. With this pulley device the pulley cords are 
passed round in two planes standing perpendicular to 
each other through which the pulley cords break 
through fatigue and wear and tear of the fbres in the 
pulley cords. Here two neighbouring hooks are also 
necessary in order to obtain a three-position device. 
[0012] These known devices all have the disadvan- 
tage that the pulley cords of the pulley device are sub- 
ject to wear and tear and that the pulley cords will break, 
which makes premature replacement necessary. This 
problem becomes more serious with current weaving 



[0013] This invention now has the purpose of provid- 
ing a shed-forming device which prevents the deficien- 
cies and disadvantages of the state-of-the-art and 
which is suitable for being used on jacquard devices of 
different types, namely two-position open-shed jac- 
quard machines and three-position opervshed jacquard 
machines. 

[0014] For this purpose the shed-forming device 
according to the invention comprises hook elements 
which are connected to the noddies for the warp 
threads, and upward and downward moving knives to 
which the hook elements can hook onto, whereby the 
hook elements are provided with spring elements and 
whereby actuators are provided which can influence the 
spring elements in order to allow the hook elements 
selectively to hook or not hook onto the upward and 
downward moving knives. According to the invention 
each hook element is moreover provided with at least 
three spring elements in the form of spring legs, at least 
two spring elements are made as at least double lami- 
nated springs, at least two of the spring legs are pro- 
vided with hooks, destined to work together with the 



moving knives, one or more actuators are provided 
which can selectively influence the various spring ele- 
ments, and retaining hooks are provided for at least a 
part of the spring elements in a position influenced by 
5 an actuator. 

[0015] According to one specific embodiment of the 
invention, destined for a two-position open-shed jac- 
quard weaving device, each hook element of the shed- 
forming device is preferably provided with three spring 
io legs of different lengths in the form of a triple spring ele- 
ment whereby the two longer legs of a hook, destined 
to work together with two knives, are provided along one 
side of the hook element moving in opposite phase, 
while each hook element comprises one actuator in 
is order to influence at least one of the spring legs in a 
high position of the hook element and a second actuator 
for influencing one or more spring legs in a low position 
of the hook element and whereby a retaining hook is 
provided on or nearby the second actuator which retai n- 
20 ing hook retains the shortest of the spring legs in the 
position influenced by the actuator. 
[0016] The problem in this embodiment is therefore 
namely solved by preferably providing a triple laminated 
hook with a long leg. and middle leg and a short leg. 
25 This hook is provided on the bottom with a projection 
with which the hook can rest on a fixed bottom grid 
when the hook is not lifted. Above this fixed grid are two 
knife systems which are movable upwards and down- 
wards in opposite phase in order to lift the hooks. These 
30 knife systems move in the same plane alternately 
towards and away from each other. The hooks are 
made of a magnetic material such as e.g. steel. Two 
electromagnetic corts are provided in order to act on the 
hooks and to make these bend through which they cart- 
as not be engaged by the moving knives. The bottom elec- 
tromagnetic coil is also provided with a projecting hook 
in order to be able to hold up the hook with the 6hort leg 
in its top position. 

[0017] According to a further characteristic of the 
40 invention the triple spring element can therefore be 
made in the form of a triple laminated spring element, 
but also in the form of a triple split spring element, or of 
a double laminated, partially split spring element or 
similar. 

45 [0018] According to another specific embodiment of 
the invention, destined for a thre*position open-shed 
jacquard weaving device, each hook element is prefera- 
bly provided with tour spring legs of different lengths in 
the form of a double laminated, double spring element, 
so whereby each of the two longer legs is provided with 
one hook destined to work together with two top knives, 
along one side of the hook element, moving in opposite 
prase, ami whereby each of the two shorts 
vided with two hooks destined to work together at differ- 
55 ent heights with two bottom knives, along one side of 
the hook element, moving in opposite phase, while each 
hook element comprises five actuators for influencing 
the various spring legs in different positions of the hook 
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element. 

[0019] According to a further characteristic of the 
invention one of the actuators can moreover comprise a 
locking mechanism in order to be able to retain the hook 
element at selected heights when one or more of the 
other actuators so influences the spring legs that the 
hooks on the corresponding spring legs do not hook 
onto the upward and downward moving knives. 
[0020] The problems in this embodiment of the inven- 
tion are therefore solved by no longer using a pulley 
device with pulley cords for implementing the three posi- 
tions. In order to implement the three positions firstly 
four knife systems are provided which move in one and 
the same vertical plana The knives perform a lift in 
opposite phase. Secondly a hook is provided with four 
legs, each leg works together with a respective knife. 
Thirdly for each leg of the hook a means is provided in 
order to be able to act on the leg of the hook in order to 
make this bend, such as ag. an electromagnetic coil. 
Fourthly a holding catch is provided in order to hold the 
hook in middle or top position. For that purpose the 
hook is provided with two notches or holding noses. 
Rfthly on each short leg a hook is provided. Finally on 
the hook a nose is provided with which the hook rests in 
the bottom position on a f ixed bottom grid. 
[0021] According to a preference of the invention the 
actuators are more specifically electromagnetic and/or 
piezoelectric actuators. 

[0022] The characteristics and distinctive features of 
the invention, and the operation thereof are further 
explained hereafter with reference to the attached draw- 
ings which show four preferred embodiments of the 
invention. It should be noted that the specific aspects of 
these ernbodirnents are only described as preferred 
examples of what is intended in the scope of the above 
general specification of the invention, and may in no 
way be interpreted as a restriction on the scope of the 
invention as such and as expressed in the following 
claims. 

[0023] In these drawings: 

Figures 1 uotnand including 5 : are side views of a 
shed-forming device according to the invention, in a 
specific embodiment for a two-position open-shed 
jacquard weaving device, shown in different posi- 
tions of the hook element and of the knives; 

Rqures 6 up to and including 8 : are front views of 
three embodiments of a hook element for a shed- 
forming device according to figures 1 - 5; 

Figure 9 : is a side view of a variant of the shed- 
forming device according to figures 1 - 5; 



Figures 10 uft fa flnri including 15 : are side views of 
a shed-forming device according to the invention, in 
a specific ernbodiment for a three-position open- 
shed jacquard weaving device, shown in different 



positions of the hook element and of the knives; 

Figure 16 : is a front view of a hook element for a 
shed-forming device according to f igures 10 - 15. 

5 

[0024] In figure 1 a shed-forming device is shown, 
according to a first embodiment of the invention des- 
tined for a two-position opcm^e^ device, in a 
position whereby the hook h rests on the bottom grid b 
io and the two lifting knives nv, and mg are at their dead 
point of lifting completely apart from one another. The 
hookrv, is with its top part in front of the coil S 1t the mid- 
dle hook hz with top part in front of coil Sz- The long 
hook h 1 has a hook on the top with which it can be 
15 hooked onto the top knrfe rr^ . The middle hook r^ ateo 
has a hook wHh which it can be hooked onto the bottom 
moving fitting knife m* Hook reworks through a hole in 
hook h v The short hook h3 has a hole or a window 
opening with which this hook can be hooked onto the 
20 projecting hook on coil Sg. See figure 6 with view 
according to arrow X in figure 5. 
[0025] When the hook according to the pattern deter- 
mined by the jacquard control has to remain down on 
the following pick, art S2 will be energised through 
25 which hook hz is bent away from knife mz so that hook 
hg comes out of reach of knife rr^. The hook hz has a 
hole in order not to be impeded by the projecting hook 
on Sz- Knife rrfe moves upwards, mj move downwards. 
Hook h remains standing on bottom grid b. Top knife mi 
50 has to move past on hook h v For that purpose knrfe 
will on the bottom have a suitable form in order to press 
hook h t away mechanically. Or at this moment coil Si 
can also effectively be energised with a corrtrol provided 
for that purpose through which hook ^ is bent over and 
35 is held out of reach of knife m v The new position of the 
hook h is represented in figure 2. 
[0026] When the hook according to the pattern deter- 
mined by the jacquard control has to be up on the fol- 
lowing pick no coil will be energised through which hook 
40 hz with knife rriz is engaged so that hook hz comes into 
the top position as represented in figure 4. Knrfe m t in 
Hs downward mcvemerrt also comes past hook ^ which 
is in upward movement Through the suitable form of 
knife m, this can mechanically press the hook h, away 
45 or ^ can at this tirr» be energised by a su^ 

[0027] In order to bring a hook from the position as 
represented in figure 2 into the top position, no coil will 
be energised. Hook is not bent and wfll therefore 
move upwards with knife m v With this upward move- 
50 ment hook hj will have to pass by knife mg. This can 
likewise occur mechanically through a suitable form of 
knrfe mz or through a suitable energisation of coil Sz at 
this time of crossing. In hook hz an elongated hole is 
provided in order to provide passage for the hook of ^ 
55 (See figure 6). The hook reaches the top position as 
represented in figure 3. 

[0028] In order to hoW the hook up as represented in 
figure 3, coil Sz will be energised. The short hook r>3 is 
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with Its top part right in front of coil S2 and the window 
opening of h3 is in front of the projecting hook on coil 
Because of the bending the hook h3 is hooked onto this 
projecting hook and the hook will remain up during the 
downward nrwemert of kriifem v s 
top position as represented in fig. 4. In order to hold the 
hook in the position from figure 4 coil S2 will again be 
energised, otherwise the hook just comes back down 
with knife nr^. 

[0029] In order to allow the hook in top position as rep- 10 
resented in figure 3 to move downwards into position as 
represented in figure 2. no coil will be energised. With 
its upward movement knife mg has to go past the hook 
h2 and for that purpose coil S2 will be energised at the 
time of the crossing. This position is illustrated in figure is 
5, direction of movement B and hooks drawn in full lines. 
[0030] In order to allow the hook from above to move 
out of the position as represented in figure 4 downwards 
into position as represented in figure 1 , no coil will be 
energised. With its upward movement knife m-, has to 20 
go past the hook h t and at this time coo Sn will be ener- 
gised in order to hold hook h n out of reach of knife n^. 
This position is illustrated in figure 5, direction of move- 
ment B and hooks drawn in dotted lines. 
[0031] Rom the preceding specification it appears 25 
that each hook can be held in its position or can be 
moved to the other second position. The device accord- 
ing to the invention therefore complies with the open- 
shed principle. The device according to the invention 
works without pulley elements. Due to the muttilayered 30 
hook the footprint occupied is very limited. 
[0032] Instead of a muHilayered hook the hook can 
also be formed by three flat steel strips situated next to 
each other in the same plana See fig. 7. The long hook 
^ and middle hook hg can also be situated next to each ss 
other and the hook h3 can then stand against both. See 
fig. 8. With this construction of the hook the prqecting 
hook on coil Sg can work in the path of hook h 1 and a 
hole in hook hg is no longer necessary. 
[0033] As shown in figure 9, the device can also work 40 
with a third actuator or selection element S3 in the form 
of a rotating catch which is eJectronragnetically or piezo- 
electrically controlled in order to hold the hook h in top 
position. This selection element can ag. act on hook h 
which is provided for that purpose with a window open- 45 
ing. a notch or a hook. This can of course be effected 
with the additional cost of one selection element The 
hook can then be limited to two layers and h* or two 
hooks situated next to each other in the same plane, 
whereby each hook h, and hg each has a coil S v so 
respectively S2 in its path. 

[0034] In figures 10 - 16 a shed-forming device is 
shown, according to an embodiment of the invention 
destined for a three-position open-shed jacquard 
device. In these figures the hook with four legsissche- 55 
matically represented for the sake of simplicity with 
each leg situated in a different plana The legs can also 
be situated next to each other two by two in the same 



plane (see figure 1 6), or all four can be situated next to 
each other in the same plana The harness cords are 
attached at the bottom of the hook and a spring load 
constantly pulls the hook down. The knives serve to lift 
the hooks upwards or downwards against the spring 
load. This device is also particularty suitable for a har- 
ness-free jacquard device with three positions. The jac- 
quard heddles through which the pile warp threads are 
pulled through, can be directly connected to the hook 
and the heddle retracting spring can possibly be par- 
tially or completely built into the shank of the hook. 
[0035] In Older to implement the three positions f irstly 
four knife systems m 1( m* "13 and 1*4 are provided 
which move in one and the same vertical plana See fig- 
ure 10. The knives nv, and mg perform a lift 2H in oppo- 
site phase: i.e. when m<\ is in the bottom dead point, 
then mg is in the top dead point The knives m3 and nv 
perform a lift H in opposite phasa Secondly a hook is 
provided wfth four legs, each leg works together with a 
respective knife , see figure 16. Thirdly for each leg of 
the hook a means is provided in order to be able to act 
on the legs of the hook in order to make this bend. This 
means is ag. an electromagnetic coil Si- Fourthly a 
holding catch k with operating actuator S5 is provided in 
order to hoW the hook in middle or top position. For that 
purpose the hook is provided with two notches or hold- 
ing noses situated at a dstance equal to (H - 2 x 
removal play). Fifthly on each short leg h3 and fu a sec- 
ond hook hVj and h' 4 is provided at a distance equal to 
(H -2 x removal play). The removal play is the distance 
between the top of the knrfe and bottom of the hook on 
each leg of the hook. A removal play is necessary in 
order to be able to remove the leg from the knife. Finally 
a nose is provided on the hook with which the hook in 
bottom position rests on a fixed bottom grid b. 
[0036] In the bottom position the hook rests on the 
fixed bottom grid tx In figure 10 this position is repre- 
sented with the knives and in their bottom dead 
point and mg and nv in top dead point. In figure 1 1 the 
other position is represented. These positions are 
repeated cyclically every two picks or weft insertion 
cycles. In figures 12 and 13 the hook is represented in 
middle position and in figures 14 and 15 in top position, 
in each case with the respective positions of the lifting 
knives. A preferred embodiment of the hook is shewn in 
figure 16. 

[0037] When according to the preserved pattern the 
hook has to remain down on a following pick, the coils 
Si and S3 will be triggered in order to make the legs 
respectively f^ bend, so that these cannot be carried by 
the ascending knives nr^ and n^. Instead of coils other 
means can also be provided for making the legs bend. 
The catch k is released by coil S 5 . The knives m, and 
ms move upwards, and the knives n^ and m 4 down- 
wards. At the end of this movement the bottom of the 
knives rr^ and rr^ will strike against the top of the legs 
hg and h* In order to prevent this the bottom of the 
knives will be given a bevelled form, so that the top of 
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the hooks can be mechanically pressed away by the 
knives. At that time the coils S2 and S 4 can also appro- 
priately be triggered in order to make the legs bend, so 
that these come out of reach of the knives, this will be 
referred to in what follows as an avoiding action. The 5 
hook therefore remains resting on the bottom grid b and 
remains in bottom position as represented in figure 1 1 . 
[0038] If the hook on the following pick has again to 
remain down, then coils S2 and S 4 will be triggered in 
order to bend the legs hg and ru away from the knives 10 
mg and m* The catch k is released by coil S5. At the 
end of their movement the bottom of the knives m t and 
rrvj will strike against the top of the legs h t and h^ In 
order to prevent this the bottom of the knives will be 
given a bevelled form, so that the top of the hooks can is 
be mechanically pressed away. At that time an avoiding 
action can appropriately be performed, by triggering the 
coils ^ and S3 in order to make the legs bend, so that 
these come out of reach of the knives. The hook there- 
fore remains resting on the bottom grid band remains in 20 

bottom position as represented in figure 10. 
[0039] When a hook according to the prescrfoed pat- 
tern has to move from the bottom position to the middle 
position this is only possible by changing from the posi- 
tion represented in figure 10 to the position in figure 13 2s 
or from the position represented in figure 11 to the posi- 
tion in figure 12, in view of the movement sequence of 
the knives. 

[0040] In order to bring a hook from the bottom posi- , 
tion, situation represented in figure 10, into the middle 30 
position, represented in figure 13, coil will be trig- 
gered in order to hold the top of the leg tv, out of reach 
of knife nrv,.TTie catch k is released by coil S5. The hook 
will be carried with leg by the ascending knife nr^ over 
a lift equal to (H - removal play) to the middle position. 35 
where leg ri3 remains resting on knife nr^. The knives 
and rrt4 in their descending movement meet the tops of 
the ascending hooks hg and h 4 . In order to prevent 
passing strikes the bottom of the knives will be suitably 
bevelled and an avoiding action will be performed by 40 
triggering the coils and S 4 at that time. The hook 
rests with leg h3 on the knife n>3, see figure 13, and in 
order to be able to remove leg h 4 from the knife the 
second hook h' 4 on the leg h 4 will be placed at a dis- 
tance from the top hook equal to (H -2 x removal play). 45 
[0041] In order to bring a hook from the bottom posi- 
tion, situation represented in figure 11, into the middle 
position, situation represented in figure 12, coil S2 will 
be triggered in order to hold the top of the leg h2 out of 
reach of knife The catch k is released by coil S5. so 
The hook will be carried with leg r^ by the ascend ng 
knife mi over a lift equal to (H - removal play) to the mid- 
dle position, where leg h 4 remains resting on knife raj. 
The knives m 1 and m3 in their descending movement 
meet the tops of the ascending hooks h, and In ss 
order to prevent a collision the bottom of the knives will 
be suitably bevelled and an avoiding action will be per- 
formed by triggering the coils St and S3 at that time. 



The hook rests with leg h 4 on the knife see figure 
12, and in order to be able to remove leg h' 3 from the 
knife the second hook rr* 3 on the leg rv, will be 
placed at a distance from the top hook equal to (H - 2 x 

removal play). 

[0042] The hooks can also be brought from middle 
position to bottom position. In order to bring a hook from 
middle position, in figure 13, to the bottom position, of 
figure 10. coil S 4 will be triggered and the catch will be 
released by coil S5. The hook h' 4 is removed from knife 
the hook remains resting with the leg r^ on the knife 
rib and will move down with this knife. The descending 
hook will meet the ascending knife mg with leg h2 and in 
order to prevent engagement an avoiding action will be 
performed by triggering coil S2 at that time. The hook on 
leg ru also meets knife rr^ and in order to prevent 
engagement an avoiding action will also be performed 
here by again triggering cofl S 4 at that time. An avoiding 
action will be performed by triggering coil in order to 
make h, veer away when knife nr^ has to pass by that 
top with its undersida The hook comes into bottom 
position and rests with its nose on the bottom grid tx 
[0043] In order to bring the hook from the mkkfle posi- 
tion of figure 12 to bottom position of figure 11. coil S3 
will be triggered and the catch will be released by coil 
Ss. The hook h' 3 is removed from knife rr^, the hook 
remains resting with leg h 4 on knife m 4 and will move 
downwards with this knife. The descending hook will 
meet the ascending knife m A with leg h A and in order to 
prevent engagement an avoiding action will be per- 
formed by triggering coil Si . The hook of the leg h3 also 
meets knife mg and in order to prevent engagement an 
avoiding action will also be performed here by again 
triggering coil S3. The hook comes into bottom position 
and rests with its nose on the bottom grid b. 
[0044] The hook can also remain in the middle posi- 
tion. In order to hold the hook in the middle position, 
from the position in figure 13 to that of figure 12, the coil 
S 4 will be triggered, through which the hook h 4 is held 
out of reach of the knife ro*. and the catch k will be 
made to engage in the top notch of the hook by coil Ss. 
The hook descends with knife 013 until the notch rests 
on the catch k. The hook remains in the middle position. 
Knife mg has to pass by the hook of leg hg without 
engaging it, for that purpose a removal action will be 
performed by triggering coil Sg at that time in order to 
remove the hook of the leg hg from the knife mg. The 
knives n^ and tr^ must respectively pass by ^ and h' 3l 
for that purpose an avokfing action will be performed by 
triggering the coils Si and S3. 
[0045] In order to hold the hook from the middle posi- 
tion of figure 12 in the middle position in figure 12, coil 
S3 will be triggered, through which the hook h' 3 is held 
out of reach of the knife 11)3, and the catch k will be 
made to engage in the top notch of the hook by coil S5. 
The hook descends with the knife rr^ until the notch 
rests on the catch k The hook remains in the middle 
position. Knife m t has to pass by the hook of leg ^ with- 
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out engaging II, for that purpose a removal action will be 
performed by triggering the coil Si at that lime in order 
to remove h 1 from the knife m v The knives nr^ and nr^ 
must respectively pass by hg and h'* for that purpose 
an avoiding action will be performed by triggering the 5 
coils S2 and S 4 . 

[0046] The top position can be reached from every 
bottom position. The transitions of the positions repre- 
sented in figure 10 to those of figure 15 and those from 
figure 11 to figure 14 and vice versa should be demon- 10 
strated. In order to go from bottom position, as repre- 
sented in figure 1 0, to the top position, as represented in 
figure 15, first no coil will be triggered. The catch is 
released by coil S5. The hook will move with knife mj 
over a lift (2H) upwards into the top position. The knife is 
mz has to pass by leg h* for that purpose an avoiding 
action will be performed by triggering coil S2 at that 
time. The hook h 3 has to pass by the knife n%, at that 
time an avoiding action will be performed by triggering 
the COB S3. The knife has to pass by tu and h'* for 20 
that purpose an avoiding action will be performed by 
triggering coil S 4 at that tima The hook rests on knife 
m v 

[0047] In order to go from bottom position, as repre- 
sented in figure 1 1 , to the top position, as represented in 2s 
figure 14, first no coil will be triggered. The catch is 
released by coil S5. The hook will move with knife mg 
over a lift equal to (2H) upwards into the top position. 
The knife mi has to pass by leg hi , for that purpose an 
avoiding action will be performed by triggering coil Sn at 30 
that tima The knife nr^ has to pass by leg h3 and hook 
h*3. at that time the coil S3 will be triggered in order to 
perform an avoiding action. The knife nrvi has to pass by 
hook h' 4 , for that purpose the coil S 4 will be triggered at 
that time in order to perform an avoiding action. The as 
hook now rests on knife nig. 

[0048] In order to go from top position, as represented 
in figure 15. to the bottom position, as represented in 
figure 10, coil S3 will be triggered, through which the 
hook h' 3 is removed from the knife riv*. The catch is 40 
released by coil S5. The hook will move with knife nrv, 
over a lift equal to (2H) downwards into the bottom posi- 
tion. The knife nri2 has to pass by the hook of leg hg with- 
out engaging it, for that purpose a removal action will be 
performed by triggering coil Sg at that time in orderto as 
remove the hook of leg from the knife The hook 
of leg h3 has to pass by the knife ni3, at that time a 
removal action will also be performed by again trigger- 
ing the coil S3. The hook h f 4 and hook of leg tv» have to 
pass by the knife without engagement movement, so 
tor that purpose a removal action will be performed by 
triggering the coil S 4 at that time. The hook now rests on 
the bottom grid b. 

[0049] In order to go from top position, as represented 
in figure 14, to the bottom position, as represented in 55 
figure 11, coil S 4 will be triggered, through which the 
hook h 4 is removed from the knife m* The catch is 
released by coil S5. The hook will move with knife nr^ 



over a lift (2H) downwards into the bottom position. The 
hook of the leg hi has to pass by knife mi without 
engagement for that purpose a removal action will be 
performed by triggering coil Si at that tima The hook of 
leg h f 3 and the hook of leg h3 has to pass by knife nr^ 
without engagement movement at that time coil S3 will 
be triggered in order to perform a removal action. The 
hook now rests on the bottom grid b. 
[0050] The hook can also remain in the top position. 
In order to hold the hook in top position through transi- 
tion from the situations in figure 15 to figure 14, no coil 
will be triggered and the catch k is engaged in the bot- 
tom notch of the hook by coil S5. The hook will rest on 
the catch and because of this remains in the top posi- 
tion. In order to hold the hook in top position through 
transition from figure 14 to figure 15, no coil will be trig- 
gered and the catch k is engaged by coil S5 in the bot- 
tom notch of the hook, which will rest on the catch and 
because of this remains in top position. With both tran- 
sitions no removal action nor any avoiding action need 
be performed. 

[0051] The hook can be brought from the middle posi- 
tion to the top position and vice versa. In order to come 
from the middle position, as represented in figure 12. to 
the top position, as represented in figure 15, no coil will 
be triggered and the catch k is released by the coil S5. 
The hook is carried by the knife nrvj with the hook h' 3 
over a lift equal to (H) and at the end of this lift the knife 
mi takes up the hook with the hook of the leg hj. The 
hook rests with the leg h t on the knife mi through which 
between the hook h f 3 and the knife 013 again a removal 
play develops. The top of the ascending hook hg must 
avoid the descend ng knife mg, for that purpose an 
avoiding action will be performed by triggering cofl S2- 
The hook h 4 must avoid the knife m* for that purpose 
an avoiding action will be performed by triggering coil 
S 4 . 

[0052] In order to come from the middle position, as 
represented in figure 13, to the top position, as repre- 
sented in figure 14, no coil will be triggered and the 
catch k is released by the coil S5. The hook is carried by 
the knife nr^ with hook h' 4 over a lift (H) and at the end 
of this lift the knife mg takes up the hook with the hook of 
the leg hg. The hook rests with the leg hg on the knife m2 

through which between the hook h 4 and the knife nr^ 
again a removal play develops. The leg tv, of the 
ascending hook must veer away for the descending 
knife n^, for that purpose an avoiding action will be per- 
formed by triggering the coil Si at that tima The hook 
h' 3 of the ascend ng hook must pass by the descending 
knife nrvj, for that purpose an avoiding action will be per- 
formed by triggering coil S3. 
[0053] In order to bring back the hook from the top 
position, as represented in figure 15, to the middle posi- 
tion, as represented in figure 1 2, no coil will be triggered 
and the catch k is released by the coil S5. The hook 
moves with the knife mi downwards, the support is 
transferred by the hook h' 3 to the knife riv, through which 
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the hook will perform a descent (H) with the knife rrvj. 
The hook of the leg hj> may not be engaged by the knife 
rr^, for that purpose a removal action will be performed 
by triggering the coil S2 at that time. The hook h' 4 may 
not be engaged by the knife for that purpose a 
removal action will be performed by triggering the coil 
S 4 at that time. The hook of the leg ru will finally hook 
onto the knrfe through which again the removal play 
between the hook h' 3 and the knife rrvj develops. 
[0054] In order to bring back the hook from the top 
position, as represented in figure 1 4. to the middle posi- 
tion, as represented in figure 13, no coil will be triggered 
and the catch k is released by the coil S5. The hook 
moves with the knrfe rr^ downwards, the support is 
transferred by the hook h^ to the knife m 4 through which 
the hook will perform a descent equal to (H) with the 
knrfe rru- The hook of the leg Ih may not be engaged by 
the knife m 1f for that purpose a removal action will be 
performed by triggering the coil S| at that time. The 
hook h' 3 may not be engaged by knife rr^, for that pur- 
pose a removal action will be performed by triggering 
the coil S3 at that tima The hook of the leg r>3 will finally 
hook onto the knrfe m3 through which again the removal 
play between the hook W 4 and the knife rrv develop* 
[0055] From the preceding specification it appears 
that each hook can be held in its position or can be 
moved to both other positions. The device therefore 
complies with the open-shed principle and this in fact for 
the three positions. The device works without pulley 
cords or any pulley. 

Claims 



2. Shed-forming device accortfing to claim 1, charac- 
terised In that each hook element is provided with 
at least three spring legs of different lengths, 
whereby at least the longer legs of a hook, destined 

5 to work together with at least two knives, are pro- 
vided along one side of the hook element, moving 
in opposite phase, that each hook element com- 
prises at least one actuator in order to influence 
one or more spring legs in a high position of the 

70 hook element and at least a further actuator for 
influencing one or more spring legs in a low position 
of the hook element and that a retaining hook is 
provided in order to retain the hook element when 
the actuators so influence the spring legs that the 

15 hooks on those spring legs do not hook onto the 
upward and downward moving knives. 

3. Shed-forming device according to claim 2, destined 
for a two-position open-shed jacquard device, char- 

20 acterlsed In that each hook element is provided 
with three spring legs of different lengths in the form 
of a triple spring element whereby the two longer 
legs of a hook, destined to work together with two 
knives, are provided along one side of the hook ele- 

25 merit, moving in opposite phase, that each hook 
element comprises one actuator in order to influ- 
ence at least one of the spring legs in a high posi- 
tion of the hook element and a second actuator for 
influencing one or more spring legs in a low position 

30 of the hook element and that a retaining hook is 
provided on or nearby the second actuator, des- 
tined to be able to retain the shortest of the spring 
legs in a position influenced by the actuator. 



1. Shed-forming device for incfividualry controlling 
warp threads of a weaving device, which shed- 
forming device comprises hook elements which are 
connected to heddles for the warp threads, and 
upward and downward moving knives to which the 
hook elements can hook onto, whereby the hook 
elements are provided with spring elements and 
whereby actuators are provided which can influ- 
ence the spring elements in order to allow the hook 
elements selectively to hook or no* hook onto the 
upward and downward moving knives, character- 
ised in that each hook element is moreover pro- 
vided with at least three spring elements in the form 
of spring legs, that at least two spring elements are 
made as at least double laminated springs, that at 
least two of the spring legs are provided with hooks 
destined to work together with the moving knives, 
that one or more actuators are provided which can 
selectively influence the various spring elements, 
and that a retaining hook is provided for retaining 
the hook element when one or more spring ele- 
ments are so influenced by an actuator that the 
hooks on the spring legs do not hook onto the 
upward and downward moving knives. 



35 4. Shed-forming device according to claim 2. destined 
for a two-position open-shed jacquard weaving 
device, characterised in that each hook element is 
provided with three spring legs of different lengths 
in the form of a triple spring dement whereby the 
40 two longer legs of a hook, destined to work together 
with two knives, are provided along one side of the 
hook element, moving in opposite phase, that each 
hook element comprises one actuator in order to 
influence at least one of the spring legs in a high 
45 position of the hook element and a second actuator 
for influencing one or more spring legs in a low 
position of the hook element and that a retaining 
hook, influenceable by a third actuator is provided 
which can retain the hook element in its high post- 
50 tion. 

5. Shed-forming device accorcfing to one of the pre- 
ceding claims, characterised In that the triple 
spring element is made in the form of a triple lamj- 

55 nated spring element, a trple split spring element, 
or a double laminated, partially split spring element. 

6. Shed-forming device according to claim 2, destined 



8 



15 



EP0930385A1 



for a three-position open-shed jacquard device, 
characterised in that each hook element is pro- 
vided with four spring legs of Afferent lengths in the 
form of a double laminated, double spring element 
whereby each of the two longer legs is provided 5 
with one hook destined to work together with two 
top knives, along one side of the hook element 
moving in opposite phase, and whereby each of the 
two shorter legs is provided with two hooks des- 
tined to work together at different heights with two 10 
bottom knives, along one side of the hook element 
moving in opposite phase, that each hook element 
comprises at least five actuators for influencing the 
various spring legs in different positions of the hook 
element and that a locking mechanism is provided 15 
in order to be able to retain the hook element when 
the actuators so influence the spring legs that the 
hooks on the spring legs do not hook onto the 
upward and downward moving knives. 

so 

7. Shed-forming device according to claim 6, charac- 
terised in that the locking mechanism comprises a 
retaining hook and a further actuator for influencing 
that retaining hook, whereby the aforementioned 
locking mechanism is destined for retaining the 2s 
hook element at selected heights when one or more 
of the other actuators so influence the spring legs 
that the hooks on the corresponcfing spring legs do 
not hook onto the upward and downward moving 
knives. 30 

& Shed-forming device according to claim 7, charac- 
terised in that the locking mechanism is provided 
in order to be able to retain the hook element in a 
top position and in a middle position. 36 

9. Shed-forming device according to one of the pre- 
ceding claims, characterised in that the actuators 
consist of electromagnetic and/or piezoelectric 
actuators. 4C 



55 



EP 0 930 385 A1 




10 



EP0 930 385A1 




EP 0 930 385 A1 




12 



EP093038SA1 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 99 20 0038 




CATEGORY OF CITED DOCUMENTS 



X : particularly relevant I taken alone 

Y : particularly relevant f combined wth another 

document of the same category 
A : technological background 
O : non-written dteciosue 
p : intermediate document 



T ■ theory or prtncfjle underlying the Invention 
E : earBer patent document but pubBshed on, or 

after the fling date 
D : document cited m the application 
L : document cited tor other reasons 



A : member of the same patent family, corresponding 
document 



13 



EP0 930 385A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 20 0038 



This arme* lbs the patent tanrtymambefsrelaHnQ to the ,»tBm documents cited In the abovennentioned European search report 
^ ^^t^^KS^: ^aremere^n^thepurp^eo, Horma**. 

16-04-1999 



Patent document 
cited in search report 



Publication 
date 



Patent famay 
members) 



Publication 



EP 0723041 



24-07-1996 



BE 
DE 
JP 
US 



1009047 A 
69601652 D 
8260283 A 
5671784 A 



EP 0779384 



18-06-1997 



FR 
CN 
JP 
US 



2742170 A 
1156769 A 
9209232 A 
5743308 A 



05-11-1996 
15-04-1999 
08-10-1996 
30-09-1997 



13-06-1997 
13-08-1997 
12-08-1997 
28-04-1998 



S Fbr more details about this annex : see Official Journal of the European Patent Office. No. 12«2 



14 



